The purpose of the Research Excellence Framework (REF) is to judge the quality of research in the UK and on that basis to apportion to universities, in a transparent manner, differential shares in the UK's £1.6 billion pot of research funding. However, the funding process is anything but transparent! While the REF process was known years in advance and remained constant throughout the assessment exercise, the mechanisms for the subsequent award of quality-related research (QR) funding in England were opaque and 'adjustable'. The financial outcomes were put in the public domain following publication of the REF outcomes, but the calculations still remain a 'black box' even for experienced university administrators. The funding factors were not revealed in advance and dramatic changes were made to the formula once the REF results were known. This paper explores the intricacies involved in university QR funding and looks at the correlations between it and various REF outcomes. It discusses the tactical implications for academics and university administrators, and whether simpler alternatives that are just as effective can be developed in time for the next iteration.
Introduction to the Research Excellence Framework
The Research Excellence Framework (REF) exercise, previously called the Research Assessment Exercise (RAE), is a fearsome assessment undertaken on behalf of the UK government to gauge the quality of research in UK universities. It is unique to the UK though paler imitations have been introduced in places such as Hong Kong (Hong Kong University Grants Committee, 2014).
1 It is a high-stakes competition used informally by the media to rank universities and their departments in league tables, but more importantly is used formally to allocate to universities their individual shares of the £1.6 billion pot of UK quality-related (QR) research funding and reshape the research landscape with larger units. The command and control effect of the REF on funding can be dramatic; for example, the effect of the University of Manchester slipping from 8th in 2008 to 17th in 2014 meant a loss of £69 million (more than 17%) in its 2015 QR income (Jump, 2015b) . This would have been much worse had the weightings for 4* and 3* research stayed at the original 3:1 ratio, but HEFCE changed the ratio to 4:1 on 20 February 2015, 2 a manoeuvre that suited larger universities with high proportions of 4* outcomes (Frankel & Ransow, 2015) .
The REF 2014 methodology
In total, there were 36 academic subjects or 'units of assessment' (UoA) covering the full range of academic departments in the UK's 154 universities. 6 UoAs were assessed by subject-specific panels of 'experts' using a common framework, with formative and ongoing moderation within and between panels.
For each UoA, 65% of the overall grade was awarded for staff publications or 'outputs', 20% to the demonstrable 'impact' of the research and 15% to the research 'environment' of the submitting department. 7 These three grades were then weighted and brought together for each submitting department to produce an overall 'grade profile' using five different quality categories: 4* for world-leading; 3* for internationally excellent; 2* for internationally recognised; 1* for nationally recognised; and 'unclassified' (U) for research falling below the standard of nationally recognised work. The data published by the Higher Education Funding Council for England (HEFCE) in December 2014 at the end of the REF assessment process-the 'REF results'-did not aggregate these grade profiles into a combined overall grade point average (GPA), but this was done for each university or department by newspapers like the Times Higher Education (THE) and their methodology is described in the next section.
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Essentially, 'outputs' comprised the collected 'best-four' publications from each returned member of staff for the six years from the start of 2008 to the end of 2013, with reductions allowed for early career researchers, part-timers and those who had periods of leave and/or disabilities. 'Impact' was assessed using impact case studies (ICS) that described the non-academic impact of the department's research during the REF period. One ICS plus one additional ICS for each 10 staff submitted (rounded to the nearest 10) was required; so, for example, a department submitting 27 full-time equivalent (FTE) staff was required to submit four ICS. Finally, 'environment' was assessed on the basis of various aspects of the submitting department such as the number of doctoral completions, the amount of research income won during the REF period and the department's research and staffing strategies.
Only academics who had a contract of employment of at least 0.2 FTE on the census date (31 October 2013) and whose primary employment function was to undertake research (with or without teaching) were eligible for submission to the REF.
Research assistants, unless they were named as principal investigators on prestigious research grants, were not eligible because they were deemed not to be 'independent researchers in their own right' (HEFCE, 2011) and there were additional rules to accommodate National Health Service personnel and similarly attached (so-called 'category C') staff.
League table methodology
The newspapers weighted the grade profiles as follows: they multiplied the percentage of 4* research by 4; the percentage of 3* research by 3; the percentage of 2* research by 2; and the percentage of 1* research by 1. The totals were then summed and divided by 100 to produce a GPA between 0 and 4 for each university and for each university department.
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'GPA tables' were published by the THE on 18 December 2014 following the publication of the REF results by HEFCE the same day (Jump, 2014) . 10 This was followed two weeks later by its 'research intensity tables' (Jump, 2015a) . Research intensity (RI) is a new and positive addition to the existing suite of interpretive metrics because RI takes account of the proportion of eligible staff submitted. University departments have their overall GPA weighted according to the fraction of eligible staff they submitted. Research intensity is similar to research power, which is GPA multiplied by the raw number of staff submitted. Both are attempts to combine volume with quality in a way that produces a more accurate picture of achievement than that produced by quality alone.
Exposing and exploring the HEFCE methodology for recurrent QR funding 12 and summed. The result is then multiplied by HEFCE using an undeclared 'unit funding factor' for each UoA, which is UOA-specific and ranges from approximately £10,500 to approximately £19,500. Funding was distributed between the four main panels on the basis of cost-weighted volume, but somewhat mysteriously, HEFCE did not publish the unit funding factors; they have to be retro-calculated post facto from the final mainstream QR amounts awarded for each UoA under each of the three REF sub-categories of outputs, impact and environment. An analysis carried out for this paper of all the QR data for English universities suggests that UoA 36 (Communication, Cultural and Media Studies) has a relatively low unit funding factor of £10,626 and that each UoA in Panel B (Science and Engineering) has a relatively high factor of £19,671. For Education, in main panel C (Social Sciences), which has a weighting of '1' (i.e. is not a high-cost clinical or intermediatecost subject), the funding unit turns out to be £11,026 (c.f. the worked example below). The total mainstream QR income for an entire university (£32,481,640 for the University of Southampton example) is then the sum of all its constituent UoAs.
Adjustments that had been put in place to protect STEM areas following the 2008 RAE were discontinued under the 2015 formula because STEM activity had increased to pre-2008 levels, so 2014 saw a boost in funding for Arts, Humanities and Social Sciences, notwithstanding the fact that HEFCE provided a transitional allocation of £28 million for STEM subjects, outside the recurrent budget, to ease the pain.
Here is a real-life example for UoA25 (Education) again using actual figures from the University of Southampton (HEFCE, 2015a) . The calculation starts with the actual REF results (see Table 2 ). Table 3 shows the REF profile converted to FTE; for example, 17.9% (for 4* outputs) of 22 FTE staff submitted is equivalent to 3.938. Table 4 shows the FTE profile converted to quality weighted volume. 4* research is given a weight of 4 and 3* research is weighted 1; so, for example, 3.938 FTE (for 4* outputs) is equivalent to 15.752. Funding only follows 4* and 3* research, so the 2* and 1* cells on Table 2 are ignored in the conversion to quality weighted volume on Table 4 . 4 A. Kelly Table 5 shows the actual mainstream QR funding awarded by HEFCE for UoA 25 in Southampton and from this (and similar calculations made for all the other UoA25 in England) it is possible to retro-calculate the unit funding factors for UoA25 for all universities, as follows. The total amounts awarded by HEFCE under each sub-profile, as in Table 5 , are divided by their respective quality weighted volumes, as per Table 4 . This produces £8013 for outputs, £1748 for impact and £1,265 for environment, which sum to £11,026. An analysis carried out for this paper shows that this is the same for every UoA25 in every university in England. 13 Interestingly, these amounts represent 73%, 16% and 11% respectively of the total (£11,026), and not the expected 65%, 20% and 15% ratios that HEFCE had advised universities: Funding in English Universities and REF relationship 5 It can be seen now, on foot of the above analysis, that the 65:20:15 weightings were applied by HEFCE at sector level and not individually within each UoA or individually within each university, as was expected and reported. So rather than outputs, impact and environment all competing with different 'handicaps' for the same £1048 million pot, they are competing for three separate pots of £680, £210 and £158 million (which are the total amounts for mainstream QR funding for England for 2015/ 16).
Further analysis carried out for this paper shows that most UoAs across the four main panels are very similar to the 73:16:11 weightings applicable to UoA25. For example, the weightings are 73:13:10 for Clinical Medicine (UoA1), 71:17:12 for Philosophy (UoA32), 71:17:12 also for Modern Languages (UoA28) and 74:15:11 for General Engineering (UoA15).
It is worth noting that the 2008 and 2014 methodologies produced almost identical financial outcomes, though there was greater precision (two decimal places) in the 2014 iteration. It is also worth noting that since the actual number of staff returned was taken into account (along with GPA, of course), HEFCE based its REF 2014 funding on research power (the raw number of staff returned) rather than research intensity (the fraction staff returned as a percentage of the total staff eligible for return).
For completeness, other elements of the total QR funding (£45,399,243 for the University of Southampton) are calculated as follows:
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• 'London weighting' (not applicable in the case of the University of Southampton) is calculated as a percentage of the mainstream element, so to that extent it is REFdependent. It is calculated as 12% for institutions in Inner London and 8% for institutions in Outer London. For example, the London weighting for Imperial College is 12% (£5,811,487) of its mainstream QR funding of £48,429,085; whereas that for St Mary's University (Twickenham) is 8% (£27,401) of its mainstream QR funding of £342,534.
• The purpose of 'national research libraries funding' is to support five research libraries designated by HEFCE, following a review in 2007, as being 'of national importance'. This was zero in the case of the University of Southampton.
• Neither the 'QR charity support ' (£3,175,595) This produces a 'quality score' of 0.788, which is the amount of 3* and 4* research as a proportion of the total research ≥ 2* (see Table 7 ). The Education department in the University of Southampton had 29.28 FTE doctoral students two years previously (allowing for certain adjustments), which when multiplied by the quality score, gives a 'weighted FTE' of 23.07. The HEFCE funding multiplier was £4630, 15 which produced funding of £106,807 for the year.
Exploring the relationship between HEFCE funding and REF outcomes
The datasets for HEFCE funding and for the REF outcomes for English higher education institutes (HEI) are shown together on Table 8 . Only multi-disciplinary universities in receipt of both teaching and research funding are included 16 and QR funding figures exclude transitional funding (see note 9).
An example will serve to illustrate the data in the table. The University of Oxford received a teaching grant of £19,364,990 and a QR grant of £139,061,600, 17 so that QR made up 87.78% of its total (£158,426,590). Oxford achieved an Overall GPA in the 2014 REF of 3.34 when all its individual departments/UoA were weighted for size and coalesced, having returned 2409 staff, which was 87% of the total number of staff eligible for submission. Oxford University therefore achieved a research power of 8047 (3.34 9 2409) and a research intensity (RI) of 2.9 (87% of 3.34). It achieved a GPA for its impact of 3.51 so that impact power was 8457 (3.51 9 2409).
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The relationships between HEFCE funding and the various REF outcomes are shown in Table 9 . The Pearson 19 for the relationship between overall GPA and QR funding is a relatively low, although still significantly positive, 0.5810, but this is not surprising given that HEFCE QR funding is based on the weighted proportion of 4* and 3* research across all three REF components and on the number of staff returned by the UoA; in other words, it is possible to have a high GPA but a low proportion of 4* outputs and a low number of staff returned and this would (and from HEFCE's point of view, should) result in lower funding. What is perhaps surprising is that the relationship between GPA and HEFCE teaching funding is almost as strong (Pearson 0.4631) as the relationship between GPA and QR funding, and that the relationship between the two HEFCE funding grants is as strong as it is (Pearson 0.5804), but this may be explained by the fact that the heavily weighted teaching grants for STEM subjects are primarily located in the higher performing research-intensive universities. In three cases, the Spearman 20 coefficients are much higher than the corresponding Pearson coefficients: (i) between QR funding and GPA where the Spearman is 0.9421 and the Pearson is 0.5810; (ii) between QR funding and research intensity where the Spearman is 0.8494 and the Pearson is 0.6652; and (iii) between QR funding and impact GPA where the Spearman is 0.8839 and the Pearson is 0.5006. We can infer from this that the QR funding data is non-normal and non-linear. 21 Since the Spearman is computed on ranks it depicts monotonic 22 relationships while the Pearson is based on true values and depicts linear relationships, so if the Spearman is greater than the Pearson, as with the above correlations between QR Funding and REF outcomes, it indicates a monotonic and not a linear relationship.
The correlation between QR funding and research intensity (Pearson 0.6652; Spearman 0.8494) is higher than that between QR funding and GPA (Pearson 0.5810; Spearman 0.9421), and this is also to be expected. Research intensity is essentially GPA adjusted for the fraction of eligible staff returned so it takes (albeit limited) account of the number of staff returned, which is a factor in the funding formula. However, the strongest correlation is that between QR funding and research power (Pearson 0.9754; Spearman 0.9761) and again this is as it should be from HEFCE's point of view. Research power is GPA adjusted for the raw number of staff returned and this is theoretically closest to the funding formula, which rewards large research 'powerhouses'. Breaking research power down into its two constituent parts (GPA and raw number returned), we can see that the relationship is almost as strong (Pearson 0.9667; Spearman 0.9625) between QR funding and the number of FTE staff returned as it is between QR funding and research power, but that the on returning a large raw number of staff rather than returning a smaller number of staff in pursuit of a higher GPA. Although impact power is very strongly correlated with QR funding (Pearson 0.9747; Spearman 0.9810), impact GPA is even less significant (Pearson 0.5006) for QR funding than overall GPA (Pearson 0.5810). This situation is the result of the multiplying effect of staff numbers and the fact that only 3* and 4* research is counted for funding purposes.
Conclusions
While peer review is widely regarded as 'the gold standard of research assessment' (Jump, 2015e) , the use of bibliometrics such as the 'h-index' are being touted as alternatives for use in the next REF. The h-index is a measure of the volume and citation performance of papers, and some (e.g. Bishop, 2015) have argued that since it is a good historical indicator of how much QR funding departments receive from HEFCE, it could act as a proxy for the REF in this respect. However, although the hindex has been shown to 'work' for some UoAs (e.g. Psychology), it is known to 'fail utterly' (Jump, 2015e) for others (e.g. Physics). The publisher Elsevier, which owns the citation index Scopus, has also looked at using citations data as a replacement for the current mode of REF assessment. They analysed the proportion of outputs at university/institutional level that fell into the top 5% of citations and compared these figures with the proportion of 4* outputs in the 2014 REF, finding a correlation of 0.59 but with plenty of outliers. At the departmental/UoA level, they created a 'bibliometric GPA' based on the proportion of articles whose citations fell within the top 5, 10, 25 and 50% globally and compared this with output GPA from the REF, finding that correlations ranged from a high of 0.76 (for Biological Sciences) to a negative low of À0.04 (for Anthropology), 23 and again there were serious outliers and counter-examples. The problem with these bibliometric alternatives to peer review seems to be related to the significance presence of outliers, which even high correlation coefficients can mask. As the Elsevier researchers guardedly concluded, while bibliometrics might be 'useful in informing REF evaluations in some UoAs', they can only 'predict results to some extent' (Jump, 2015e) , so short of making more and better use of technology in future REF iterations, the search goes on for a simple but accurate replacement for the current approach. The reputational stakes of the REF quality assessment and the financial stakes of the REF-QR link are so huge that the current high-cost peer-review process cannot be easily discarded, especially for something that is known to be unreliable.
A 'work-around' might be to preserve the REF for quality assessment, but to decouple it from university funding. Whatever the arguments about the cost, both real and opportunity, of the REF as currently constituted and the spurious accuracy created by league tables compiled subsequently by third parties, the processes are at least transparent and constant, and the criteria well known and well understood in advance. The same cannot be said for the way the REF is linked to QR funding, which is obtuse and (it seems deliberately) opaque. The final HEFCE funding (Else, 2015) , all of which creates the impression that the funding formula is manipulated to arrive at a 'satisfactory' settlement for certain universities or groups of universities. This is not necessarily detrimental to the sector, but it discredits the REF as an assessment exercise and makes the use of it for funding purposes questionable.
In terms of that exact relationship between HEFCE funding and the REF results, some of the emerging correlations appear to satisfy HEFCE's remit and suggest what that 'work-around' might be. The correlation between QR funding and overall GPA is positive but relatively weak, which is just as HEFCE intended given that only 4* and 3* research was rewarded. The correlation between QR funding and (i) power, (ii) impact power and (iii) the number of FTE staff returned, are all exceptionally high and again this is as HEFCE intended because it rewards large research-intensive universities in HEFCE's drive to make the UK world-leading in research terms. However, the correlation between QR funding and 'number of staff returned' is so strong and straightforward that the 'work-around' referred to above-that is to say, how to preserve the REF as an assessment exercise while decoupling it from use as the determinant of university funding-might simply be to base QR funding on the number of staff returned; perhaps grouped in funding and quality bands to reflect the stepped monotonic nature of the relationship. The necessary staff data is available to HEFCE from the Higher Education Statistics Agency (HESA), thus obviating the need for the REF as far as funding is concerned, and in that respect this work-around is much cheaper and almost as accurate as the alternative of basing funding on research power, which in theory is a slightly stronger relationship.
Although the 2008 and 2014 QR funding methodologies produced almost identical financial outcomes for universities, and notwithstanding any future work-around regarding the REF and its role (or non-role) in QR funding, there are also tactical and policy-making implications consequent on the above analysis. The tactical consequence for universities of the high correlation between QR funding and the number of FTE staff submitted (compared with that between QR funding and GPA, say) is that universities going for 'gold' before 'glory' will need to return a large raw number of staff and not just a large percentage of eligible staff, irrespective of whether or not the current REF-QR link is maintained.
Consistent with looking for a 'cheaper-but-just-as-accurate' work-around, the final question is where this leaves 'impact'. Although impact power, like all 'powers', is very strongly correlated with QR funding because of the staffing element, impact GPA is even less significant for QR funding than overall GPA, and at a cost of £7500 per impact case study-a total of £55 million excluding staffing and opportunity costs (Jump, 2015c and U 'unclassified'. 9 To convert individual UoA grade profiles into a single institutional/university quality profile, the tables weighted the UoAs by the number of full-time equivalent staff submitted, so that larger departments counted for more in calculating a university's overall ranking. HEFCE itself did something similar for allocating its research funding in 2009 (HEFCE, 2009), but used a different, theoretically superior (Kelly, 2012) weighting system: 7, 3 and 1 for 4*, 3* and 2* activity respectively (with zero weighting for 1* and 'U'). As things turned out, following the 2014 REF, HEFCE weighted 4* research four times more heavily than 3* research (Jump, 2015b) . 10 The data was released under embargo by HEFCE the previous day. The media also produced GPA tables for outputs only and for impact only, alongside their overall GPA tables. 11 As a one-off measure for 2015/16, HEFCE additionally provided two transitional allocations for research outside the main recurrent grant to mitigate the impact on institutions of changes to the amounts allocated for some STEM (Science, Technology, Engineering and Mathematics-including Medicine for research funding purposes, but not for teaching funding) subjects arising from the transition from RAE 2008 to REF 2014 (HEFCE, 2015a . 12 The amount of 4* ('world-leading') research increased by 70% in the REF so HEFCE allocated more to it.
Originally the ratio was intended to be 3:1. 13 Similar calculations for Clinical Medicine (UoA1) show the unit funding multiplier to be £17,197; for Law it turns out to be £11,026; for Music it is £13,194. Again, these are the same for all universities in England. 14 The total mainstream QR research fund for England was £1017 million. The total London weighting on mainstream QR funding was £33 million. The total RDP supervision fund was £240 million. The total charity support fund was £198 million. The total business research fund was £64 million. The total funding for national research libraries was £7 million (HEFCE, 2015c, p. 16 ). 15 High-cost subjects are given higher weightings and the usual London weighting (of 12% and 8%) applies. 16 The table is ordered by overall GPA. 17 The University of Oxford received the greatest share of QR funding at £139 million. 18 The occasional (very small) difference between these calculations and the numbers in Table 8 is due to rounding. 19 The 'Pearson product-moment correlation coefficient' or 'Pearson' for short is a measure of the linear correlation between two variables. It varies between +1 and À1, where 1 is total positive correlation, 0 is no correlation and À1 is total negative correlation. It is the most widely used measure of the linear dependence between two variables. It is defined as the covariance of the two variables divided by the product of their standard deviations. 20 The 'Spearman rank correlation coefficient' or 'Spearman's rho' or just simply 'Spearman' is a non-parametric measure of statistical dependence between two variables. It assesses how well the relationship between two variables can be described using a monotonic function. If there are no repeated data values, a perfect
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Spearman correlation of +1 or À1 occurs when each of the variables is a perfect monotone function of the other. The Spearman correlation coefficient is defined as the Pearson correlation coefficient between the ranked variables. It can be used for both continuous and discrete variables, including ordinal variables. 21 Another possible cause ab initio for the Spearman and the Pearson being very different is the existence of outliers, but outliers would produce a high Pearson and a low Spearman because the Pearson is much more sensitive in that respect. As this is not the case here, we can discount this explanation. 22 A monotonically increasing function is a function between ordered sets that preserves the given order. The only condition is that it be non-decreasing everywhere. 23 Unsurprisingly, Elsevier found that correlations were generally higher for UoAs whose assessment panels in the 2014 REF had actually used bibliometrics, but even here there were counter-indications: Physics used bibliometrics in the 2014 REF but had a low correlation, whereas Business did not use bibliometrics and had a high correlation.
